Brachial-ankle pulse wave velocity is a new measure of arterial stiffness. The clinical significance of brachial-ankle pulse wave velocity as a measure of early vascular damage remains unclear. We examined the hypothesis that higher brachial-ankle pulse wave velocity is associated with a much greater risk of albuminuria by employing a cohort of 718 never-treated hypertensive patients registered in a prospective study.
Introduction
Atherosclerosis is an essential process in the development of major cardiovascular and cerebrovascular events. Characteristic changes of atherosclerosis are stiffening, thickening and inflammation of the arterial wall (1) (2) (3) . Therefore, early recognition of functional, structural, and biochemical arterial wall changes may identify patients at a high risk of clinical complications from atherosclerosis.
Pulse wave velocity (PWV) is the most widely used measure of arterial stiffness in a wide variety of clinical fields (4) . The stiffer the arterial wall becomes, the faster the arterial waves travel through the arterial wall. Among the PWV parameters, carotid-femoral PWV, which examines the stiffness of large elastic arteries, is the most widely used measure of arterial stiffness. This is very reasonable, because atherosclerotic changes of the arterial wall begin at the aorta and stiffness of the aorta is deeply involved in the determination of cardiac afterload (5) . Both cross-sectional and prospective data have shown that carotid-femoral PWV is useful in identifying not only patients with atherosclerosis but also those with a poor prognosis in several cardiovascular diseases (6) (7) (8) .
On the other hand, it is well recognized that arteries in the lower limbs are much more susceptible to atherosclerosis than those in upper limbs. A recent study has shown that muscular artery compliance is deeply involved in the regulation of central systolic blood pressure in humans (9) . In this context, global approaches to measurement of arterial stiffness, including that of the aorta, which passes over the lower limb arteries, may be of interest (10) . Brachial-ankle PWV is a new measure of arterial stiffness (11, 12) whose physiological characteristics are closer to carotid-femoral PWV than to femoralankle PWV (13, 14) . The reproducibility of this measure is good (11, 12, 15) . Recent data have shown that a higher brachial-ankle PWV is associated with more advanced atherosclerotic changes of the arterial wall not only in clinical patients (16) (17) (18) (19) but also in subclinical individuals (20, 21) . Moreover, it has been shown that brachial-ankle PWV is related to microvascular complications in diabetic patients (22, 23) . In our preliminary study, higher brachial-ankle PWV was associated with higher urinary albumin excretion in non-diabetic hypertensive patients (24) . Only a few studies have reported a relation between an arterial stiffness measure and microvascular complications (25, 26) . Therefore brachial-ankle PWV is a unique measure which could manifest both macro-and microvascular injuries.
Thus, the important issue is whether brachial-ankle PWV is a better predictor than conventional risk factors of cardiovascular events or subclinical but distinct progression of vascular damage. Recently, Kitahara et al. have shown that brachialankle PWV has prognostic significance in end-stage renal disease (27) . However, there is no prospective data on brachialankle PWV in patients with essential hypertension. To address this issue we conducted a multicenter cohort study entitled the Japanese Trial on Prognostic Implications of PWV (J-TOPP) (14) . Between April 2002 and December 2004, 804 never-treated patients with essential hypertension were entered into this study. In the present work, we examined in a cross-sectional manner whether higher brachialankle PWV is associated with a much greater risk of albuminuria in this large cohort of untreated hypertensive patients.
Methods

Study Design
The J-TOPP study is a multicenter cohort study that examines the prognostic significance of brachial-ankle PWV in untreated patients with essential hypertension. This study prospectively examines the relationship between brachial-ankle PWV and urinary albumin excretion, one of the most established surrogate markers (3) for cardiovascular mortality not only in high risk patients (28) (29) (30) (31) but also in general populations (32, 33) . In uncomplicated hypertension, the risk of cardiovascular events is very low under the current guidelines for hypertensive treatment. Therefore, we need an intermediate endpoint to be able to best predict cardiovascular morbidity and mortality. Urinary albumin excretion can be considered as such a measure. Ibsen et al. showed in the LIFE study that reduction in albuminuria during treatment translates into a reduction in cardiovascular events (34) . In other words, changes in urinary albumin excretion seem to to correlate directly with cardiovascular risk. Fatal and non-fatal cardiovascular events were considered as secondary endpoints in the J-TOPP study.
Fifty-three medical institutions and 73 physicians participated in the present study (see Appendix). Hypertension was defined as an average blood pressure ≥ 140/90 mmHg on at least two different occasions during routine examination. Only never-treated patients with essential hypertension were eligible to participate in this study because previous antihypertensive treatment would likely affect the relationship between brachial-ankle PWV and urinary albumin excretion. Exclusion criteria were secondary causes of hypertension, cancer, atrial fibrillation, severe liver dysfunction, fasting plasma glucose > 11.1 mmol/l (200 mg/dl), renal insufficiency with plasma creatinine concentration > 176.8 μmol/l (2.0 mg/dl) and other severe diseases. Patients with peripheral arterial disease were also excluded because precise measurement of brachial-ankle PWV is difficult in these patients. After enrollment, patients underwent measurements of the brachial-ankle PWV and urinary albumin excretion, and were then put on a regimen of an antihypertensive drug, which was an angiotensin II receptor antagonist (ARB), long-acting calcium channel blocker, or angiotensin converting enzyme inhibitor (ACEI) (14) . This study was started in April 2002. By the end of December 2004, 804 never-treated patients with essential hypertension had been enrolled into this study.
Measurement of PWV
Blood pressure and brachial-ankle PWV were studied using a new device, the AT-form PWV/ABI (Colin, Komaki, Japan), which has been described in detail elsewhere (11) (12) (13) (14) (15) . In brief, this device simultaneously records right and left brachial and tibial arterial pressure wave forms, lead I of an electrocardiogram, and a phonocardiogram. Occlusion cuffs, which were connected to both plethysmographic and oscillometric sensors, were placed around both arms and ankles of the patient for pulse wave analysis and blood pressure measurements. The time difference between the brachial and ankle arterial pressure wave (ΔT) was determined by wave front velocity theory. The distance between the arm and ankle (D) was calculated based on anthropometric data for the Japanese population. Finally, the brachial-ankle PWV was calculated as D/ΔT.
Measurement of Urinary Albumin Excretion
Spot urine samples were collected and stored at −20°C until assay. Urinary albumin and creatinine were measured at the Clinical Chemistry Laboratory (SRL Inc., Tokyo, Japan). Urinary albumin concentration was measured by latex agglutination immunoassay on an autoanalyzer (LX-6000; Eikenkagaku Co., Tokyo, Japan). The sensitivity of this assay was 0.5 mg/l, and the intra-assay and inter-assay coefficients of variation were 1.25% and 2.03%, respectively. Urinary creatinine concentration was measured by an enzymatic method. Urinary albumin excretion was expressed as the ratio of albumin to creatinine excretion. The cut-off values for the presence of microalbuminuria and macroalbuminuria were 30 mg/g⋅Cr and 300 mg/g⋅Cr, respectively (35) . This study was approved by the medical ethics committee of Tohoku Rosai Hospital and all the patients gave informed consent.
Statistical Analysis
Continuous data are expressed as the mean±SD. Differences between groups were assessed with ANOVA. Relationships among variables were assessed by using linear regression analysis and Pearson's correlation coefficient. Comparisons of proportions among groups were performed by using χ 2 analysis. Odds ratios and 95% confidence intervals (CIs) were calculated by exponentiation of the logistic regression analysis. Multiple linear regression analysis was performed to examine the relationship between urinary albumin excretion and other variables. All statistical analyses were performed with commercially available software (Stat Flex version 5.0 for Windows; ARTEC, Osaka, Japan). A value of p< 0.05 was considered statistically significant.
Results
Of 804 registered patients, 86 were excluded from the analyses because of severe diabetes (n= 13), an age of greater than 85 years (n= 9), collagen disease (n= 3), severe renal failure (n= 3) and missing data (n= 58). Consequently, 718 patients were included in the final analysis.
The 718 patients were grouped as 500 with normoalbuminuria (69.6%), 191 with microalbuminuria (26.6%), and 27 with macroalbuminuria (3.8%). Table 1 shows the clinical characteristics of the patient groups according to four grades of brachial-ankle PWV. Urinary albumin excretion increased with each increase in brachial-ankle PWV (p< 0.0001). Age (p< 0.0001), fasting glucose concentration (p< 0.03), plasma creatinine concentration (p< 0.0005), systolic and diastolic blood pressure and pulse pressure (p< 0.0001 for all), and heart rate (p< 0.005) also increased, whereas body mass index decreased (p< 0.002) with each increase in brachial-ankle PWV. Among the 718 patients, 76 were diabetics with a fasting plasma glucose concentration of 6.99 mmol/l (126 mg/dl) or over. The frequency of diabetes tended to increase with each increase in brachial-ankle PWV. Gender distribution, smoking status and lipid profiles were similar among the four different brachial-ankle PWV groups. Figures 1 and 2 show the percentages of microalbuminuria and macroalbuminuria in each group. The frequency of microalbuminuria progressively increased with the graded increase in brachial-ankle PWV (17.6, 22.8, 28.2, and 39 .6%, respectively, p< 0.0001). The frequency of macroalbuminuria remained unchanged until the third grade of the brachialankle PWV but increased significantly in the highest grade group compared to the lower grade groups (2.3, 3.2, 2.3, and 9.9%, respectively, p< 0.0001). Table 2 compares the risk factors between patients with albuminuria and those without albuminuria. Fasting glucose concentration (p< 0.0005), systolic and diastolic blood pressure and pulse pressure (p< 0.0001 for all), heart rate (p< 0.001), and brachial-ankle PWV (p< 0.0001) were higher in the group with albuminuria than in the group without albuminuria. Age, gender distribution, smoking status, lipid profile, and plasma creatinine concentration did not differ between the two groups. Multiple logistic regression analysis has shown that the risk of albuminuria increases by 20% with a 1 mmol/l (18 mg/dl) increase in fasting blood glucose, by 24% with a 10 mmHg increase in systolic blood pressure, and by 21% with a 200 cm/s increase in brachial-ankle PWV (Table 3 ). We performed multiple regression analysis as log [urinary albumin excretion] for dependent variable. Systolic blood pressure (p< 0.05) and brachial-ankle PWV (p< 0.01) were significant contributors but fasting plasma glucose was not significant (p= 0.07). We also examined the risk of microalbuminuria after excluding patients with macroalbuminuria. The odds ratio for a 200 cm/s increase in brachialankle PWV was 1.192 (95% CI: 1.022-1.365; p= 0.02).
Discussion
The J-TOPP study is the first multicenter cohort study that examines the prognostic significance of brachial-ankle PWV in patients with essential hypertension. We examined the relationship between brachial-ankle PWV and the risk of albuminuria using the baseline data of a never-treated hypertensive cohort that was entered into this study.
The pivotal finding of this study was that the frequency of microalbuminuria progressively increased with a graded increase in brachial-ankle PWV. After adjusting for other cardiovascular risk factors, a 200 cm/s increase in brachial-ankle PWV was associated with a 19% increase in the risk of microalbuminuria. This study is the first to show the quantitative risk of brachial-ankle PWV for microalbuminuria in a large cohort of untreated hypertensives.
In our data, the frequency of macroalbuminuria was significantly higher in the highest grade group of the brachial-ankle PWV than in the lower grade groups. Moreover, multiple regression analysis showed that the brachial-ankle PWV was independently and linearly correlated with the log [urinary albumin excretion]. Thus very high brachial-ankle PWV of over 2,200 cm/s may be a risk of overt proteinuria. Our data are consistent with the recent reports showing a close relationship between urinary albumin excretion and either thoracic aortic mechanics (25, 26) or brachial-ankle PWV in a small cohort of hypertensive patients (36) . It has been shown that the spectrum of albuminuria, from microalbuminuria to 
P<0.0001
Percentage (%) macroalbuminuria, is associated with a linear increase in risk of cardiovascular events (34, 37) . The continuous association of higher brachial-ankle PWV with increased urinary albumin excretion is consistent with the nature of the brachial-ankle PWV as an independent marker of cardiovascular risk (38) . This is further supported by the recent report that brachialankle PWV predicted the future cardiovascular deaths in patients with end-stage renal disease (27) .
Brachial-ankle PWV includes the properties of anatomically and physiologically different parts of the arterial tree, i.e., elastic arteries and muscular arteries. The prognostic significance of muscular artery stiffness has been questioned (39) , although elastic artery stiffness has been well recognized as having a prognostic value in several cardiovascular diseases (7, 8) . So we must carefully establish the clinical significance of the brachial-ankle PWV. In this study, brachialankle PWV was closely related to the degree of urinary albumin excretion, possibly because the brachial-ankle PWV has properties more like those of a large elastic artery than a lower limb artery (13) .
The underlying mechanisms linking albumin excretion in the kidney and systemic arterial stiffness are currently unclear, but endothelial damage may be involved. It has been well recognized that albumin excretion signifies a membrane barrier defect not only in the podocytes and vascular endothelium in the kidney but also in vascular tissues throughout the body (40) . Because endothelial-derived substances such as NO are involved in the maintenance of large artery compliance, impaired endothelial functions could increase arterial stiffness (41) .
We found that a 10 mmHg increase in systolic blood pressure and a 1.0 mmol/l (18.0 mg/dl) increase in fasting glucose concentration were associated with a 24% and 20% increase, respectively, in the risk for albuminuria after adjustment for other cardiovascular risk factors. These data suggest strong and independent influences of systemic arterial pressure and plasma glucose concentration on urinary albumin excretion. These data are very consistent with a recent report indicating that the development of microalbuminuria is linked to insufficient blood pressure control and to a progressive increment in blood glucose values in essential hypertension (42) .
The effects of gender, age, body mass index and smoking on the risk of albuminuria are largely debatable (43) . In this study, none of those factors were related to the risk of albuminuria. We speculate that the effect of hypertension or hyperglycemia on albumin leakage into the glomerulus was much greater than the other factors in our hypertensive cohort. Finally, the potential limitations of this study should be mentioned. In a clinical setting, multiple sampling is recommended for evaluation of the severity of albuminuria, because urinary albumin excretion demonstrates a considerable degree of variability (44) . In this study, we examined only one urine sample, which may have limited the precision of our evaluation of urinary albumin excretion. A single urine sampling, however, is now commonly used in epidemiological studies (44) as well as in interventional studies (45) . It has been shown that microalbuminuria examined from one spot urine sample is well correlated with markers of inflammation (44) and predicts cardiovascular mortality (33) in the general population. So we believe that single urine sampling did not seriously modify the results.
In conclusion, our study showed, for the first time, that higher brachial-ankle PWV could be a quantitative risk for microalbuminuria in patients with essential hypertension. A 200 cm/s increase in brachial-ankle PWV increased the risk of microalbuminuria by about 19%. Moreover, the brachialankle PWV was linearly correlated with the log [urinary albumin excretion]. If brachial-ankle PWV further predicts the behavior of urinary albumin excretion during treatment, this measure could be a powerful tool for stratifying the risk of treated hypertensive patients. Further prospective studies will be needed to confirm this point.
